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Abstract  
To investigate the effect of fatty liver on insulin resistance in the liver of laying hens, an experiment using 80 laying hens of commercial line 
strains (w-36) after peak production (age 43 weeks) for eight weeks were performedin a completely randomized design with two treatments. 
The experimental treatments included control group (no injection) and the estradiol group  (injection of two mg estradiol benzoate per kg 
body weight). In order to induce fatty liver disease, the injection of 17-beta estradiol started from the third week of experiment (age 46), and 
was performed three times a week for 21 days. Blood samples were taken to evaluate the concentration of triglycerides, cholesterol and liver 
enzymes (aspartate transaminase (AST), alanin transaminase (ALT) and alkaline phosphatase (ALP) at the end of the experiment using 20 
hens from each treatment. At the end of experiment, five hens of each treatment were selected and sacrificed, then 50 g of liver tissue was 
removed to study gene expression of insulin receptor (InR), glucose transporter1 (Glut1), sterol regulatory element binding protein 
(SREBP1), Ribosomal S6 kinase1 (S6K1), Target of Rapamycin (TOR) and Forkhead box protein O1 (FOXO1). The results showed that the 
injection of estradiol induced fatty liver and increased plasma concentrations of cholesterol and triglyceride as well as activity of AST, ALT 
and ALP.  In hens with fatty liver, expression of FOXO1 (4.1-fold), TOR (3.9-fold), S6K1 (3.3-fold) genes increased, and conversely, 
expression of InR (4.6-fold), Glut1 (7.5-fold) decreased. In conclusion results of the present study showed that the fatty liver induction in 
laying hens increased expression of insulin resistance-related genes. 
 
Keywords: Gene expression, Fatty liver, Injection, Insulin resistance, Laying hen.  
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���

T	��� P�.Q�  &6b �� �%15  
���� �.����X��5/7 

 ) �
�)��
�$ 7X���.�� �.����X��2x SYBR Green 

PCR Master Mix �.����X�� o
 P(cDNA o
 P

 �)+�S, �.����X�� o
 P�A� #e�B.V� �)+�S, �.����X��

 � �*)�� #e�B.V�5/4  K��� �, �.����X��RNA 

 K[ .���> &�W	"ß-Actin �� K��	g  �
� �� ��.	� K[

 ���� T
��+,�V�� ���1" .�A�) ���3 ���-.$� �� �%

Real-Time PCR 40 .��� �V��   

  

6��F 1 .��!A&�HI� ��7"����45/ �� �'�/!% Real-Time PCR  

?�� K[  �)+�S, #���"  K[ o��� ���@> ) �123 ��FbP( 

InR 
F: CAAACGGTGACCAAGCCTCA 
R: CATCCTGCCCATCAAACTCCG  AF111857  186  

TOR 
F: CCAGGATTCTTCGGACTA 
R: CCATCACAAACCCTTATT 

XM_417614 249  

S6K1  F: CATGATTTCCAAACGACCAGA 
R: AGTAAACCAAACAAGCCCTCC 

NM_001030721 134  

FOXO1  F: ATGCGACCTCTGGTAATA 
R: AAGTGTAGGCAAATCGTC  NM_204328 307  

GLUT-1 
F: TAGTACTGGAGCAGGTGGCAGA 
R: CGGCACAAGAATGGATGAAA 

NM-205209 124  

SREBP-1 
F: CATTGGGTCACCGCTTCTTCGTG 
R: CGTTGAGCAGCTGAAGGTACTCC  NM_204126.2 237  

ß-Actin 
F:   CATCACCATTGGCAATGAGAGG 
R:   GCAAGCAGGAGTACGATGAATC  L08165 194  

InR: �� !
A .7� /<
 OR :K�� �"��/�<
��� S6K1$ :&�'
 1��"&70� S6� FOXO1L,�!� :<
 O1 � �0MFGlut1 ���	
 �$7NA OP�   :1� SREBP1 :<
L,�!� 

>
Q', ��''$  �6�!45/ 6�-4 /ß-Actin �4) :<
4$/.  
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���.$, �V�� �� q���� �
���� )CT(  
��� Le�b

K[ #��� K��� K�J�� ��$�k� ���� P�%?�� ��JA� Excel  .�>

���
 �+����)��
 ��K[ #��� K� r�� +� �%–ΔΔCT
 2  ���-.$�

���) ��� ��
��� .�> K��+, +� ���-.$� �� �%t  ��?�� ��JA� 

 
���,SAS  �'��)9/1 .�> ?�6�� (  
  

��� � ��
��  

 ��� ��� ��@� T
�JA� G�$ ��
���.$� I
�J" ��� K�*� Z
�.�

 �WMS K�S�� �
� �� � �> (��� ��� �V�>)


�"  ����1A � ���.�M� P�
���M)AST PALT  �ALP 

 ���R) �A�
 T
�JA�2 P05/0<P o
 ��� ��� 
��@�� .(

 K�S�� �� Z
�� 
��@��&'" ��() ����  � ��� G�$ ��

&'" ����" #��Q)�� T%��  ����+�$ ���)� .�$� ��> ���

 �$� ��*� �'*� #.$�� �� K, #��X���]22[ .

T%�c8 ���� K�*� ��*�8 
�% � #�����% d
��> P�
(m" ���

 � H���b �R�� P#2�k� d
��> Po
[���
J�A ��1a�


���� ����� ���V� ������ ��6
� �� o�����.� 
�%]2[  .

�� &
J�, �WMS T
�JA� �a�b T%�c8  
���ALT  J�� �

��� ��� L��> ��.*� +� 78 H��%�*� � ��		X> � ��
�8

�� ?��" J�� #��� �>���� � ��� 
�� 
J
���V q��� ���@%

 
��� ��
���.$� +� ���-.$� K���� �� �h���� &X> ��b�� ��

��� �� ��� ��� 
����  
�%&'" ��()  ���� ����" :�� +� 78

��� �� .�$�  
�%&'" ��()�� 
��� J�[�Y�� P #1�$� ��F

�� � K[��.$� �� !" �k" x$�8 �QR �$��V�� �� #
�)

 �$� �.A�
 T
�JA� J�[�M.
�]1[ ��
���.$� PT%�c8 �
� �� .

 P��� T
�JA� 
��
+ ����� ����� �� �� 
��� J�[�Y�� C5�@.b�

��
��F ����� �
� �� �>�" � �V�$ ��A�i +� J�[�Y��

���"��8�Y�� �� #��� j@6" �� �6	� � ���� �"��A �%

��M$  .�> 
��� 
�%  

 ��� ��� 
���� �QR #R��V ��
���.$� +� ���-.$�

��� �� &'" 
�%  �$ �� ��()35  T
�JA� GR�� P�.-%


�" � ���.�M� �WMS &
J�, � �@$D8 �
���M)ALT 

#� 
���  ��>]18[�J) .��� �� �� �$� ��> r�  
�%

&'" �� ��> ���� ��� ��� �� D.�� ��() ���R o@� �� 
�

 �
���� P����" :�� +� 78 ��
�8 ���"��8 � 5�� 
[���


�"  ��@�" �� ��
��� �� K�V ?�$ ���.�M� � �
���M)

 �$� �.>�� T
�JA� �%�>]25[ P�h
� #*%�c8 �� .

���.$� +� ���-.$� �� �$� ��> r��J) �� H��J	� ��


#M�� �� K�J���� ?�) �� K�� K+� ?�)�M��  ��� 
���� ��W	�

�WMS P���
�" P���.�M� 
�%  �� ��Y���-�A � �
���M)

��� K�V 
�@$D8&'" 
�%  �$) ����" :�� +� 78 ��()

43  ��� T
�JA� �� (#h.-%]15[.  

  
 6��F25/ 3���, !
*+, .�R'5/!% ;QNH !) 67��/!4>�� I ;
.�M% � � 7S ���>?, 8�H!" �� ��0$ ��� �/@A  

  ��@�"  
S.E.M P-Value 

�V�>  �%�>  ��
���.$� I
�J"  

) J��M)mmol/l(  25/7  36/8  04/0  02/0  
) �������mU/L(  23/2  66/3  29/0  01/0  

) ���.�M�mmol/l(  01/6  56/7  09/0  02/0  

�" ) �
���M)mmol/l(  56/23  93/29  31/0  01/0  

H�"��Y$,) +��-����"�	��,U/L(  25/210  62/220  70/8  61/0  
���5,) +��-����"�	��,U/L(  47/4  19/7  19/0  01/0  

����X�,) +�"�-�AU/L(  59/180  30/226  21/10  01/0  
��� ��� ��@�  07/2  20/3  1/0  01/0  

  

  

  

  

  

  

  



�
�� ����� ! �	�" 	#�$� �!%� &�'( !)��� !% 

  

 ����24 �  ���	
3 � �
��� 1401 

378

  

  

��@% ��  ��� ��� ���� �� ��> r��J) P�.$��

�� ���R o@� �
���� T
�JA� �� �6	� 5�� 
[��� �� 
�


�" P���.�M�&
J�, � �
���M) 
��� 
�%ALT � AST 

 �$� ��>]13[T%�c8 . +� ���-.$� �� ��� K�*� #M�3 
�%

17-�����) &�W	" �g�� ��
���.$� �.� �� #�[��.$� 
�%

#� ��� ��>]12[ . �$ T
�JA� �� �� �$� ��> ���� K�*�

#� ���8 T%�� K[��.$� �>�" ����� ����8 �g�� �� �	�

 � �%+�������8 ��� ���1" ?�g#.�, �����K�#� �% � ��>

 �� ��"������ G�$, T
�JA� �g�� ���1" ?�g �
�

��M$ #� 
��� 
�% ��>]23[ . 

�" � ��� 
�%��$� ����" T
�JA�
 ��� �� �
���M)

�� �� H��J	� ��
���.$� +� ���-.$� �������� �% 


&'" ��() K�V ?�$ �� #��� H��w K�>���
�8 �� �6	� P

#� K�)���8 �
� ��>]9[ �V�$ T
�JA� G�$ ��
���.$� .

���"��8�Y�� �>�" �) ��
�8 #M�V #��h� �� 
�%VLDL (

#���X��� #1��F d
��> �� .��>
�%VLDL   �����

:��V #��� K��� ��
���.$� I
�J" �� ��� .�	.�% ��� +� �%


�" ���.�� � �V�$ P
��� J�[�Y�� o
�k" ��
���M) �%

 LX*� ���� ��� �� ��6�+ �	M� ��� 
�%��$� �#� �> �

T
�JA� J�� � ��� �� #��� �>���� K, ����8 ��  H��w �
�

 �$� K�V 
�@$D8 ��]13[.  

������� K����% K�V J��M) ��	%��  .�$� K�� ��

 �� ��B"� I
�F +� K����% �
�)������%
  #e�B.V�

 �� ��V��M$ �2$  ���1A  K���G�$ K, W	"�&  �V�$

 � J��M) +�$ �#��� �%  �&% ��	� �V�$ �"��8�� �% +� 

�F
I ��X��� �%
 �"��8�� ��
�8 �$� )Downstream (

#� ��>]21[����� .�� �k" �g��
o ?���� �%
 #
�*b� 

���
 � �@$D8 +� J��M) �.A�)#��b �� ��>#  �� G�$

 +� J��M) :��V ��Q���� � ��"
L K, M) ���K[�X  �


#� , &
J�,�� L�.$� ��>]1  �21[. #���+  �� ������ ��

#� v�-"� K�� �� �������?��8 ���� � ������� �.A� K, #%�

#@��� ����" r���" G�$ � ��>  ��1A ��,��� H��e

 #����R#��� �� ��>  � ������� �b +� T�� r���" K, �����

#� t� K�V �	3 T%�� �%�]3[��> r��J) .  ��

���"���M)��. )glucotoxicity (� �����"�Y�.� 

)lipotoxicityT	" ( ����"����  �
+�$��+,  
�%��.��A

#� �
�*" �� #��Q.���	� �%��XM@g �� �D.V� �� ��
 ��M$ #

#� �6	� K���� ��> ��]17[#� ��W.�� P�6�.� �� .  ���

 o�����.� +�.$�@% �� �D.V� G�$ ������� �� ������

�� � ��> K�� �� ���"��8 � �%��Y�� PJ��M)  T	" K, �����

 �� �$� #.��b ���*� �� ��> ��6
� ��Q.�� � ��"��������� 

 �a�b T%�c8 Z
�.� .��> &V+ �
 �	��� G�$, #����� �


M) �2$ ��� K�*���� �� D.�� K�S�� �� K�V ������� � J�� 

 ���T�� �"  �� ��� �%�> ���) +�K�*� ��	%�  T�� r���"

) ������� �b +�hyperinsulinaemia �	3 � (

)hyperglycaemia �� .�$� ������� �� ������ �� ���*� (

��� 
���� �> r��J) ���*� #*%�c8  +� ���-.$� �� ���

 K�S�� �� ���"��8 &� � 
[��� �8 ���R&'" ��()  G�$

����.�$ T
�JA� � ������� �� ������T�8 
�%  �	��� #��Q.��

������.	
� -6 �+��X� ��.��A �  �> �-�, ����" ��		�]25[.   

K[ K��� ��� ��� �� D.�� K�S�� �� 
�%FOXO1 )1/4 

 P(�����TOR )9/3  P(�����S6K1 )3/3  � (�����SREBP1 

)6/2 K[ K��� � �A�
 T
�JA� (����� 
�%InR )6/4  P(�����

Glut1 )5/7  LX>) �A�
 T%�� (�����1 P05/0<P.(  

) �����) K[ K��� T%��InR �a�b r�c8 �� ������� (

K�*� (��
���.$� ���)) ��� ��� �� D.�� K�S�� ��  ��	%�

?��8 ���� �� �D.V� � ������� �� ������ +���  #%�

InR/PI3K/AKT  ��"������ T	" �	��� 
��
+ L���g .�$�

#� ��Q.�� �Q� G�$ ����"?��8 ���� ��  ��> ������� #%�

]14[ K��� P�
� �� K��A .TOR  �S6K1  
�%��.XA� ��

��
�8 ?��8 ���� �� �$�  #%�PI3K/AKT  T%�c8 �� �	.�%

.�A�
 T%�� ��.	� ���) �� �a�b   
  



*+,
! �-./� �0$ 1!2 �) ��,�3 �/!45/�67 !) )
8� 89 ��� :0,!" �) ;"��-" �) .7� /
< �� �0$  =!" ��� >?, �/@A B� &/ C�/ .7,
� 

  

 ����24 �  ���	
3 � �
��� 1401 

379

  

  

  

    
 

    
 

  
 OU
189 8�
) ;0�  !) 67��/!45/ 3���, ���
 ��!A �V��"&I �����	
, !
*+, .) ���FOLD) <
.7� / �� !
A (InR K�� �(

) <
���"��/�TOR &�'
$ �(1  �"&70��S6 )S6K1 <
L,�!� �(O1 ) �0MFFOXO1 ���	
 �$7NA OP�  �(1 )Glut1 <
L,�!� � (

>
Q', ) 6�!45/ 6�-4 / ��''$SREBP1 .(a-b :<
Y �
" Z���, !� �� �)�V"�  K�![ �) ��8745 �'M" �'4�� �/�  )05/0≤P.(  

a
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G
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TOR 7b o
#� ���k� #��M$ 
(m� ���� �)  ��>

 ���R +� #.A�
�� �	��, 
�%��$� � J��M) �� !" �k" ��

#� �" ��> o
�k" K, K��� ���]25[ G�$ ��
���.$� I
�J" .

 T%�� I
�F +� �� ��� �
� � ��> ������� �� ������

 ���� ?�6�� K, �����) K��� T%�� � ������� �� ��$��b

 � �$� ��> J��M) �WMS T
�JA� G�$ ��� ��@% �� �$�

 K��� T
�JA� G�$ J��M) T
�JA�TOR  �S6K1  ���) ��

��> ��
���.$� ���R 
[��� �2$ ���m" .�$�  �$� �X@�

 G�$��1A ��Q��� AMPK  ��>�JA� �� �6	� ��
T ��1A�� 

TORc1 �#����	� .��>
� �-�A
$D�K� S6K1 ��  ��F

�.���& 
� S���.���& [��� d$�"
 ��M$#  ���� E�2$ �

(m�
 W	"�& �#.��> T%�c8���� K�*� ��V� 
�% �� ���

TORc1  �S6K1 �� �$� �X@� �2$ �c
� H��e

 ���"��8 K��$D
�-�AAKT  #-	� ���V+�� I
�F +� ��

�� �� �%� T%�� ?��8 ���� �� �D.V� ��V ���� #%�

InR/PI3K/AKT #� �
�*" �� �	�]10[.  

FOXO1 �� �� �$� #�
���� ��.��A o
 #-	� ��F

#� &�W	" ������� I
�F +� .��>FOXO1 #� +� ����"

�� I
�F?��8 �� #%�AKT ���R &$D8�.�$ �� �.�% +�  �R

 �� J��M) �V�$ &�W	" �� � ��>���  �V�$ �VLDL 

 �	� ���> ��� 
�%��$� �]11[ .� P�
� �� K�JA

SREBP1 K[ �X�> �� 
��M� K[ o
 �� d�"�� 
�%

 �� ��Y�� �V�$��� T%�c8 .�$����� K�*� �% �� ���

) #*
�JA� &�W	"upregulation K[ K��� (SREBP1  ��@�� ��

 �$� q��"�� �� #MX����S ������]11[ ��> r��J) .

) ��"���$�Resveratrol (�# � ����"�K� SREBP1 P
o 

 �� d�"�� K[�V�$ ���I
�F +� �� # W	"�& ���� 

?��8 #%� Sirt1-FOXO1 ���
 m" ��Q���H�� [���"�8
o 

��M$ �� ����%� T%�� �� �% ]11[� I��2" �� . Z
�.� �

 K[ K��� �a�b T%�c8FOXO1  �SREBP1  K�S�� ��

��� �� D.�� �A�
 T
�JA� ���] 24[.   

 �D.V��V�$ �� +�$� �V�> +� J��M)�%
  &Q�

����� �� �������� ����� .�$��� ��  ��F#e�B.V�  ��

)������%
 �� ��V � LB.� ��M$ �2$# �" ��>AKT 

 � �	� ��1A ���� K, ����� �V�$ M)�K[�X�% � ��K�  K[

���.�� �	%� �J��M) )Glut( �*S ��
 $��M �JA� ��
T 

�#  .�%�Glut1 �� ���.�) ��F�
 �A�� ����M$ � �%�%
 

� lM.'��K� �#�"��8 � ��>�� Me�# ���
  J��M) L@b

.A�� �$ �$��$ ��# �$� ��> r��J) . ���)� ��

�"��8�� Glut1 �k" �� ����
o �������  K������.�8 ��

� �� ��� P���� {��b��$D���%
  �k" �����@�"  ��

������� W	"�& �> ]24[ . K��� T%��Glut1  �� K�S�� ���

��� ��� �� D.��  �� K�V �	3 \�B� T%�� �
� ��

K�S�� 8���Q	* �#.�	�  

��#M���FP  K�*� �a�b T%�c8 Z
�.�#��%�  
����

 K�S�� �� ������&'" ��()  78 T
�JA� G�$ :�� +�

K[ K��� ������� �� ������ �� d�"�� 
�%#� �� ��>

#� ��> 
����" K������ T%�� G�$ ����".  +� ���-.$� �(�

���  �� ��> ��� ��� H�> T%�� G�$ �� #
�%���

 .��� �%��V ��()�� !" ����� 
����" K������ T
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